Introduction
Glucose-6-phosphate dehydrogenase (G-6-PD) deficiency is a commonly occurring condition in neonates born to mothers who have migrated from countries or geographic areas, including South East Asia, Greece and Italy.
1,2 G-6-PD deficiency is an X-linked genetic enzyme defect. This condition is often associated with an acute hemolytic crisis that occurs in response to an identifiable or unidentifiable trigger. In neonates, G-6-PD deficiency may present as unexplained severe jaundice. Detection of G-6-PD deficiency in neonates requires a high index of suspicion. Due to the resurgence of kernicterus and its devastating effects on the brain, it is essential to closely observe G-6-PD-deficient neonates for the development of jaundice and initiate therapy in a timely manner particularly with early discharge. 1, 3, 4 We report twin, G-6-PDdeficient preterm neonates who developed severe jaundice, likely precipitated by Clostridium difficile enteritis.
Case report
A 29-year-old primigravida of Russian origin with negative serology and A-positive blood group delivered dichorionic, diamniotic twins at 33 weeks gestation by Cesarean section. Pregnancy was complicated by premature prolonged rupture of membranes and she was treated with antibiotics. Twin A, a male, weighed 1985 g and twin B, a female, weighed 2030 g. They required no resuscitation at birth. Both remained clinically well, tolerated fullvolume enteral feeds of expressed breast milk and were observed for jaundice until 6 days of age. On day 7 of life, they developed acute diarrhea with no blood in the stool and pallor with severe icterus. They were treated with intravenous fluids and antibiotics (ampicillin and gentamicin). Investigations included blood, urine and stool for culture and sensitivity, and serum bilirubin concentrations. The initial unconjugated (indirect) bilirubin in twin A was 9 mg 100 ml À1 (159 mM), which increased to 33 mg 100 ml À1 (560 mM) over 24 h, and in twin B it increased from 10.6 mg 100 ml À1 (180 mM) to 25 mg 100 ml À1 (420 mM) over 24 h. Preliminary investigations for unconjugated (indirect) hyperbilirubinemia including (1) blood group, (2) direct Coombs test, (3) unconjugated bilirubin, (4) complete blood counts including reticulocyte counts and (5) G-6-PD assay were performed. Rise in the unconjugated bilirubin levels, fall in the hemoglobin and presence of Heinz bodies on peripheral smear were in favor of hemolysis in the twins. The hemoglobin levels in twins A and B at birth were 179 and 150 g l À1 and subsequently declined to 147 and 138 g l À1 , respectively. Absolute reticulocyte counts in twins A and B at birth were 236.1 Â 10 9 (normal value 100 to 340 Â 10 9 l À1 ) and 256 Â 10 9 l À1 , subsequently it declined to 62.4 Â 10 9 and 39 Â 10 9 l À1 , respectively. Both twins received double volume exchange transfusion twice within 6 h as well as triple phototherapy and intravenous maintenance fluids. Two days later, results of the G-6-PD assays confirmed G-6-PD deficiency in both infants. The laboratory values for G-6-PD in twins A and B were 0.0 and 5.3 U g À1 , respectively (normal value 7.0 to 13.0 U g À1 ). A common precipitating cause was suspected, as the symptoms (diarrhea and jaundice) occurred simultaneously in both the infants and the severe jaundice may be attributed to hemolysis. Stool culture from both showed growth of C. difficile. No test was performed for detection of C. difficile toxin. As per stool culture and sensitivity report, the infants were treated with oral metronidazole. Neither of the infants had abnormal clinical neurologic findings at that time or at 2 years of age when assessed at the neonatal follow-up clinic. There was no family history suggestive of G-6-PD deficiency. The family was given an educational package on avoidance of factors that could precipitate a hemolytic crisis, leading to severe jaundice and its sequelae in the form of permanent neurodevelopmental disabilities.
Discussion
Prematurity in itself is a well-known risk factor for hyperbilirubinemia in neonates. Other common causes of hyperbilirubinemia in the newborn include G-6-PD deficiency, a sex-linked recessive disorder. It usually presents in men, but is carried by women. However, in the presence of extreme lyonization or homozygosity, women can also have manifestations of G-6-PD deficiency.
5 G-6-PD deficiency is a serious condition, and can be associated with acute hemolysis. In infants, hemolysis can be triggered by maternal ingestion of fava beans, drugs, topical application of henna, naphthalene or mothballs, triple dye, Chinese herbal remedies, vitamin K3, Escherichia coli and coagulase-negative Staphylococcal infection. 1, 2, 6 The kernicterus registry between 1984 and 1998 identified that 22.5% of infants with kernicterus from 21 states in the US were due to G-6-PD deficiency. 2 In infants, G-6-PD deficiency generally presents with hemoglobinuria, jaundice and anemia. The dangers of severe unconjugated hyperbilirubinemia in premature infants include kernicterus, neurodevelopmental disabilities and death. These two cases are the first reported cases, which suggest that enteric C. difficile infection very likely precipitated severe jaundice in G-6-PD-deficient neonates.
C. difficile is a toxigenic bacterium that secretes toxins A and B, and causes epithelial disruption, adsorption of microbes or endotoxin, activation of the inflammatory cascade in the submucosa of the intestine or liver and secretory diarrhea. C. difficile infection in neonates usually presents with diarrhea, fever and irritability within 48 h of exposure to the toxins liberated by C. difficile organism. C. difficile infection in adults may increase morbidity due to secondary sepsis, bowel perforation and/or gastrointestinal hemorrhage.
7 C. difficile is sensitive to both metronidazole and vancomycin. 8 The unusual features associated with C. difficile infection are jaundice, abdominal distension, abdominal pain and constipation followed either by diarrhea or large bowel stasis. Bacteremia is a presenting feature in some neutropenic patients. 9 Neonates with G-6-PD deficiency are more susceptible to coagulase-negative Staphylococcal infection. The exact mechanism for the increased susceptibility is unclear. The explanation could be lack of leukocytic bactericidal activity and an increased susceptibility to infection caused by hyperferritinemia, resulting from lysis of G-6-PD deficient erythrocytes. 10 In conclusion, this report highlights the importance of awareness of G-6-PD deficiency, even among people not from geographic areas of high prevalence. 11 It also highlights the importance of awareness in female infants and the importance of checking siblings when one is identified. It also raises awareness that C. difficile infection is a potential trigger for hemolysis and severe jaundice in G-6-PD-deficient neonates. Universal newborn screening programs could be expanded to include screening for G-6-PD deficiency, a disorder with a propensity for debilitating consequences, especially in the newborn population.
